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Abstract 

Background: Whilst many studies have analysed predictors of longitudinal cognitive decline, few have described 
their impact on population distributions of cognition by age cohort. The aim of this paper was to examine whether 
gender, education, social class and birth cohort affect how mean population cognition changes with age. 

Methods: The Medical Research Council Cognitive Function and Ageing Study (MRC CFAS) is a multi-centre 
population based longitudinal study of 13,004 individuals in England and Wales. Using ten years of follow-up data, 
mean Mini-mental State Examination (MMSE) scores were modelled by age and birth cohort adjusting for non- 
random drop-out. The model included terms to estimate cohort effects. Results are presented for five year age 
bands between 65-95 years. 

Results: At a population level, women show greater change in MMSE scores with age than men. Populations with 
lower education level and manual work also show similar effects. More recent birth cohorts have slightly higher 
scores. 

Conclusion: Longitudinal data can allow examination of population patterns by gender, educational level, social 
class and cohort. Each of these major socio-demographic factors shows some effect on whole population change 
in MMSE with age. 
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Background 

Quality of life in old age is affected by many factors in- 
cluding maintenance or loss of cognitive ability. For suc- 
cessful cognitive ageing, particular attention has been 
paid to the potential protective effects of intellectual ac- 
tivity and good health status [1]. Whilst studies have 
analysed these factors as predictors of longitudinal cog- 
nitive decline, few have described their impact on the 
population distribution of cognition across age cohorts, 
and between groups with different characteristics. 
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Systematic reviews and individual studies have linked 
cognitive reserve factors such as education, occupation 
(a proxy measure of social class), and social engagement 
to a decreased risk of dementia and cognitive decline in 
later life [2-5]. In addition to these associations there is 
also biological evidence to link increased education to a 
decreased risk of dementia through a neurocompensa- 
tion mechanism [6]. Among individuals with the same 
burden of post-mortem neuropathology, those with 
higher education have been shown to be less likely to 
have dementia in life [6]. 

However, while low education has been associated 
with poorer cognition it late-life, and in some cases, de- 
cline over two waves, when the same data have been 
analysed over multiple waves null findings have been 
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observed [7]. There may also be measurement and co- 
hort differences for the effects of education on cognition. 
Against this is recent evidence from the 10/66 Study 
team, which showed increased education to reduce the 
risk of dementia across six middle-income countries [2] . 

There is conflicting evidence whether cognitive change 
by age differs by sex. Some studies have found no evi- 
dence for a difference [8,9], others have reported 50% 
more decline amongst women [10,11]. There are incon- 
sistent findings for a higher incidence and prevalence of 
dementia in women compared to men [12,13]. 

In the absence of cohort effects, population norms 
based on cross-sectional data could be used to describe 
population average scores. However, taking norms from 
cross-sectional data fails to utilise all of the information 
available from population-based longitudinal studies. 
This analysis employs methods that overcome these 
issues and calculates norms based on the complete data 
resource. Research has also suggested that more recent 
birth cohorts perform better [14]. Relatively little work 
has been carried out over prolonged periods in popu- 
lation representative samples. Studies with a long 
follow-up that have provided findings have tended to 
be volunteer cohorts [15] or specialised samples [16,17]. 
A previous study by our group presented Mini-Mental 
State Examination (MMSE) norms in a population-based 
sample of individuals aged 65 years and above [18]. 
This paper extends that work by providing a detailed 
discussion of the cohort, sex, education, social class, 
and centre (region of residence) effects on mean MMSE 
scores by age. 

Methods 

Data stem from the Medical Research Council Cognitive 
Function and Ageing Study (MRC CFAS, www.cfas.ac. 
uk). CFAS, which began in 1989, is a population-based 
study of individuals aged 65 years and over from six 
centres in England and Wales [19]. Five of the centres 
had a standardised study design and are analysed here: 
Cambridgeshire (n = 2,601), Gwynedd (n = 2,625), New- 
castle (n = 2,524), Nottingham (n = 2,514), and Oxford 
(n = 2,740). Cognition was assessed using the MMSE 
[20] at baseline and after two, six, and ten years of 
follow-up. The study sample is described in detail in 
Additional file 1: Appendix 1. MRC CFAS has multi- 
centre research ethics committees approval and ethical 
approval from the relevant local research ethics commit- 
tees. Written informed consent for participation in the 
study was obtained from participants. 

Social class and education 

Occupations were coded according to the Registrar Gener- 
als occupation-based social class divisions using Computer 
Assisted Standard Occupational Classification software 



[21]. Non-manual (I-IIINM) occupation was compared to 
manual (IIIM-V). Self-reported education was split into 
statutory or less (<9 years) and more than statutory (10+ 
years). 

Statistical analysis 

A detailed description of the analysis methodology has 
been reported previously [22,23]. Briefly, the methods 
account for all of the longitudinal data and adjustments 
are made for individuals who have missing information 
using inverse probability weighting. Individuals are ini- 
tially regressed against missing the next longitudinal data 
point based on their age, sex, centre, living alone, educa- 
tion, study route to interview and MMSE seen at the last 
non- missing interview. The model is then expanded to 
estimate a regression coefficient for their missing MMSE 
score which has the effect of removing the need for the 
prior regression coefficient for MMSE from the model 
(when the coefficient in the logistic regression equals 
zero). The predicted probabilities from this model are 
then used to define the inverse probability weights. 
These weights are then combined with a generalisation 
weight back to the original population to create a 
complete weight per individual per interview. 

These weights are then used within a standard cubic 
spline regression model with knots at ages 70, 75, 80, 
and 85. This was to allow a flexible but smooth relation- 
ship between mean MMSE and age (entered as a linear 
term). Terms for cohort effects were also estimated in 
the models; cohorts were defined by age group at base- 
line (65-69, 70-74, 75-79, 80-84, or 85+). Socio- 
demographic groups were not constrained to have the 
same cohort effect. 

The mean was chosen as the main summary measure 
of the MMSE distribution. The analysis was replicated 
using the median and quantile regression. Results were 
similar although they did not always have unique solu- 
tions. All analyses were performed in STATA version 
8 [24]. 

Precision of estimates 

A bootstrap approach was used to construct 95% confi- 
dence intervals (CI) around cohort effects and mean 
MMSE estimates [25]. One-thousand bootstrap samples 
were drawn randomly, conditional on the CFAS design 
i.e., the marginal totals of people at baseline above and 
below age 75 within each centre were constrained to be 
the same as the baseline sample. Weights were re- 
calculated and analyses were run on the resulting 
datasets. 

Results 

The birth cohorts presented in Figure 1 correspond to 
people aged 65-69, 70-74, 75-79, 80-84 and 85+ years 
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Figure 1 Cohort effects on mean MMSE. 



at baseline. Cohorts born before 1912 are estimated to 
score one point lower on average than the 1923-27 birth 
cohort, although the 95% CI ranges are wide. More re- 
cent birth cohorts received slightly more education; 38% 
of those from the 1923-27 cohort had more than 9 years 
of education compared to 33% of those born before 
1908. 

There was a small difference at age 65 between the sexes 
with men scoring slightly higher than women (Figure 2 il- 
lustrating the 1923-7 birth cohort). Differences are illu- 
strated at the bottom of each panel; significant differences 
are observed where the confidence interval about the 
mean difference does not include 0. The gap between 
mean MMSE for men and women increased by 4 points 
(95% CI: 1.3 - 6.8) by age 95. 

The differences for the 1923-27 birth cohort for edu- 
cation and social class are also shown in Figure 2; Add- 
itional file 1: Appendix 2 illustrates the mean MMSE 
values and confidence intervals shown in Figure 2 for the 
latest birth cohort. There was a mean MMSE difference of 



about 2 points at all ages, favouring the more educated/ 
non-manual workers. There was some evidence that 
the less educated/manual workers average score 
dropped at a faster rate, though this did not reach con- 
ventional levels of statistical significance. The average 
drop in MMSE score was 1.4 points more for those 
with < 9 years of education compared to those with 10 
or more years. For manual workers the average drop in 
MMSE was 1.1 points more than for non-manual 
workers. 

The centre-specific estimates of mean MMSE and 95% 
CI are shown in Additional file 1: Appendix 3. Average 
scores dropped the most in Nottingham and the least in 
Oxford. The 95% confidence intervals about these esti- 
mates were relatively large and a Wald test on 4 degrees 
of freedom showed differences were not statistically sig- 
nificant after an adjustment for multiple testing. These 
findings mirror the previously reported incident and 
prevalent dementia results, where there was variability 
but no significant difference between centres [19]. 





Figure 2 Mean MMSE (and 95% CI) for the birth cohort 1923-27 by sex, education, and social class. 
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Discussion and conclusions 

Changes over time in mean MMSE scores by birth co- 
hort were estimated for the socio-demographic factors 
sex, education, social class and study centre. Differences 
were seen by sex with women's average scores declining 
significantly faster with age than men's. Null associations 
were observed for cognitive change by education, social 
class, and study centre. However, point estimates indi- 
cated that change was more marked for the less edu- 
cated and for manual workers. 

Challenging aspects for this study include adjustment 
for dropouts and accounting for the complex study de- 
sign. This analysis does both simultaneously. Whilst co- 
hort effects can be estimated from this study design, 
true cohort studies where new population samples are 
drawn at different time points, e.g., Seattle Longitudinal 
Study [14], can investigate these effects more rigorously 
as learning effects and dropouts do not potentially bias 
results. In this paper, cohort effects were extrapolated 
across the age range and calculated to represent those at 
the youngest possible study entrance age of 65 years. 
This means that due to there only being 10 years of fol- 
low-up, the trajectories of the youngest cohort at the 
oldest ages were based on the results from the older 
birth cohorts who were observed at those ages during 
the study. 

Limitations of this work include using the MMSE as a 
measure of cognition. While it can be used as a measure 
of global cognitive function, it exhibits floor and ceiling 
effects [26]. The primary clinical role of the MMSE is as 
a screening instrument for dementia. Moreover, there 
are also strong links between MMSE scores and educa- 
tion [27]. In this analysis the difference in longitudinal 
MMSE trajectories split by education level was not sta- 
tistically significant although those with less than statu- 
tory education did have lower mean MMSE point 
estimates at all ages. Finally, due to methodological lim- 
itations it was not possible to determine the overlap be- 
tween the education and social class findings. 

Integrating these findings with the literature is com- 
plex as results may vary depending on the cognitive test 
that is applied. Another limitation may be the inclusion 
of education as a binary variable (less than statutory ver- 
sus statutory or more). Whether years of education, 
highest qualification obtained, actual school grades, or a 
composite measure would be more effective is unclear 
and beyond the scope of the current analysis. 

Mortality and cognitive decline are competing risks for 
the older population. Individuals with a below average 
MMSE die earlier [28,29], which means that average 
population cognitive decline is not as great as average 
individual decline. If mortality acts on two groups in a 
similar manner, an increasing gap between population 
average cognition with age corresponds to one group 



experiencing more decline at the individual level. This 
assumption does not necessarily explain the differences 
in MMSE scores seen between the sexes in this study. 
Women live longer than men both with and without dis- 
ability [30]. Hence, the force of mortality between the 
sexes appears to be different and an increasing gap at 
the population level does not necessarily imply individ- 
ual change. 

These findings mirror those reported in the literature. 
In analyses of cognitive decline, women declined signifi- 
cantly faster than men [10,11], and whilst not statisti- 
cally significant, less educated and manual workers 
declined faster than more educated and non-manual 
workers [10,11]. The direction of the cohort effects 
replicates previous findings [31,32]. The minimal in- 
crease in years of education for more recent birth 
cohorts seems unlikely to be big enough to explain these 
cohort effects, although changes in the content of that 
education may play a role. 

Examining cohort effects in a follow-up study is com- 
plicated enormously by non-random dropouts. More- 
over, the calculation of population norms is often 
restricted to cross-sectional (baseline) data without uti- 
lising information from all available longitudinal follow- 
up waves. Alternative study designs are needed to pro- 
vide definitive conclusions about cohort effects. 



Additional file 



Additional file 1: Appendix 1. Numbers of subjects in the analysis. 
Appendix 2: Mean MMSE scores and 95% confidence intervals for the 
1923-27 birth cohort split by age and covariates (sex, centre, education 
and social class). Appendix 3: Mean MMSE (and 95% CI) by centre for the 
birth cohort 1923-27. 



Competing interests 

There were no conflicts of interest for any of the authors. 
Authors' contributions 

FEM contributed to data acquisition, assisted in obtaining funding, analysed 
and interpreted data, drafted the first version of the manuscript and revised 
and edited the manuscript. FEM is guarantor of the analysis. REM 
contributed to design and revised and edited the manuscript. CB conceived 
the research idea, contributed to design, data acquisition, funding and 
revised and edited the manuscript. All authors read and approved the final 
manuscript. 

Authors' information 

The Medical Research Council Cognitive Function and Ageing Study website 
can be found at the following address: www.cfas.ac.uk. 

Acknowledgements 

We thank the CFAS population, their families, and carers for their 
participation. This work was supported by a Medical Research Council 
project grant (MRC G9901400). Fiona Matthews is funded under MRC 
programme grant UC_US_A030_0031. Riccardo Marioni is an Alzheimer's 
Research UK Fellow (ART-RF2010-2). The study is part of the Cambridge and 
Peterborough CLAHRC. 



Matthews et al. BMC Geriatrics 201 2, 12:45 Page 5 of 5 

http://www.biomedcentral.eom/1 471-23 1 8/1 2/45 



Author details 

^RC Biostatistics Unit, Cambridge, UK. department of Public Health and 
Primary Care, University of Cambridge, Cambridge, UK. 

Received: 6 March 2012 Accepted: 26 July 2012 
Published: 13 August 2012 



References 

1. Valenzuela M, Sachdev P: Can cognitive exercise prevent the onset of 
dementia? Systematic review of randomized clinical trials with 
longitudinal follow-up. Am J Geriotr Psychiatry 2009, 17(3):1 79-187. 

2. Prince M, Acosta D, Ferri CP, Guerra M, Huang Y, Rodriguez JJ, Salas A, Sosa AL, 
Williams JD, Dewey ME, etal: Dementia incidence and mortality in middle- 
income countries, and associations with indicators of cognitive reserve: a 
10/66 Dementia Research Group population-based cohort study. Lancet 
2012, 380(9836):50-58. 

3. Marioni RE, van den Hout A, Valenzuela MJ, Brayne C, Matthews FE: Active 
cognitive lifestyle associates with cognitive recovery and a reduced risk 
of cognitive decline. J Alzheimers Dis 2012, 28(1 ):223-230. 

4. Valenzuela MJ, Sachdev P: Brain reserve and dementia: a systematic 
review. Psychol Med 2006, 36(4):441-454. 

5. Valenzuela MJ, Sachdev P: Brain reserve and cognitive decline: a non- 
parametric systematic review. Psychol Med 2006, 36(8):1 065-1 073. 

6. EClipSE: Education, the brain and dementia: neuroprotection or 
compensation? Brain 2010, 133(Pt 8):221 0-221 6. 

7. Wilson RS, Hebert LE, Scherr PA, Barnes LL, Mendes de Leon CF, Evans DA: 
Educational attainment and cognitive decline in old age. Neurology 2009, 
72(5):460-465. 

8. Jacqmin-Gadda H, Fabrigoule C, Commenges D, Dartigues JF: A 5-year 
longitudinal study of the Mini-Mental State Examination in normal 
aging. Am J Epidemiol 1997, 145(6):498-506. 

9. Aartsen MJ, Martin M, Zimprich D: Gender differences in level and change 
in cognitive functioning. Results from the Longitudinal Aging Study 
Amsterdam. Gerontology 2004, 50(1):35-38. 

10. Brayne C, Gill C, Paykel ES, Huppert F, O'Connor DW: Cognitive decline in 
an elderly population-a two wave study of change. Psychol Med 1995, 25 
(4):673-683. 

11. Zhu L, Viitanen M, Guo Z, Winblad B, Fratiglioni L: Blood pressure 
reduction, cardiovascular diseases, and cognitive decline in the mini- 
mental state examination in a community population of normal very old 
people: a three-year follow-up. J Clin Epidemiol 1998, 51(5)385-391. 

12. Jorm AF, Jolley D: The incidence of dementia: a meta-analysis. Neurology 
1998, 51(3):728-733. 

1 3. Launer LJ, Andersen K, Dewey ME, Letenneur L, Ott A, Amaducci LA, Brayne C, 
Copeland JR, Dartigues JF, Kragh-Sorensen P, et al: Rates and risk factors for 
dementia and Alzheimer's disease: results from EURODEM pooled analyses. 
EURODEM Incidence Research Group and Work Groups. European Studies 
of Dementi. Neurology 1999, 52(1):78-84. 

14. Schaie KW, Willis SL, Pennak S: An Historical Framework for Cohort 
Differences in Intelligence. Res Hum Dev 2005, 2(1 -2):43-67. 

15. Unger JM, van Belle G, Heyman A: Cross-sectional versus longitudinal 
estimates of cognitive change in nondemented older people: a CERAD 
study. Consortium to Establish a Registry for Alzheimer's Disease. J Am 
GeriatrSoc 1999, 47(5)559-563. 

16. Butler SM, Ashford JW, Snowdon DA: Age, education, and changes in the 
Mini-Mental State Exam scores of older women: findings from the Nun 
Study. J Am Geriatr Soc 1 996, 44(6):675-681 . 

17. Finkel D, Pedersen NL, Plomin R, McClearn GE: Longitudinal and cross- 
sectional twin data on cognitive abilities in adulthood: the Swedish 
Adoption/Twin Study of Aging. Dev Psychol 1998, 34(6):1 400-1 41 3. 

18. Chatfield M, Matthews FE, Brayne C: Using the Mini-Mental State 
Examination for tracking cognition in the older population based on 
longitudinal data. J Am GeriatrSoc 2007, 55(7):1 066-1 071. 

19. CFAS M: Cognitive function and dementia in six areas of England and 
Wales: the distribution of MMSE and prevalence of GMS organicity level 
in the MRC CFA Study. Psychol Med 1998, 28(2)319-335. 

20. Folstein MF, Folstein SE, McHugh PR: "Mini-mental state". A practical 
method for grading the cognitive state of patients for the clinician. 
J Psychiatr Res 1975, 1 2(3):1 89-1 98. 

21. Elias P, Halstead K, Prady K: Computer Assisted Standard Occupational Coding. 
London: HMSO; 1993. 



22. 



23. 



24. 



25. 



26. 



27. 



29. 



30. 



31. 



32. 



Dufouil C, Brayne C, Clayton D: Analysis of longitudinal studies with death 
and drop-out: a case study. Stat Med 2004, 23(1 4):221 5-2226. 
Matthews FE, Chatfield M, Brayne C: An investigation of whether factors 
associated with short-term attrition change or persist over ten years: 
data from the Medical Research Council Cognitive Function and Ageing 
Study (MRC CFAS). BMC Public Health 2006, 6:185. 
Statacorp: Stata Statistical Software Release 7.0. College Station, TX: Stata 
Corporation; 2001. 

Efron B, Tibshiranir RJ: An introduction to the bootstrap. New York: Chapman 
& Hall; 1993. 

Morris MC, Evans DA, Hebert LE, Bienias JL: Methodological issues in the 
study of cognitive decline. Am J Epidemiol 1999, 149(9):789-793. 
Crum RM, Anthony JC, Bassett SS, Folstein MF: Population-based norms for 
the Mini-Mental State Examination by age and educational level. JAMA 
1993, 269(1 8):2386-2391. 

Dewey ME, Saz P: Dementia, cognitive impairment and mortality in 
persons aged 65 and over living in the community: a systematic review 
of the literature. Int J Geriatr Psychiatry 2001 , 1 6(8):751 -761 . 
Neale R, Brayne C, Johnson AL: Cognition and survival: an exploration in a 
large multicentre study of the population aged 65 years and over. Int J 
Epidemiol 2001, 30(6):1 383-1 388. 

Brayne C, Matthews FE, McGee MA, Jagger C: Health and ill-health in the 
older population in England and Wales. The Medical Research Council 
Cognitive Function and Ageing Study (MRC CFAS). Age Ageing 2001, 
30(1):53-62. 

Schaie K: Late life potential. In Late life potential and cohort differences in 
mental abilities. Edited by Perlmutter M. Washington, DC: Gerontological 
Society of America; 1990:43-62. 

Steen G, Berg S, Steen B: Cognitive function in 70-year-old men and 
women. A 16-year cohort difference population study. Aging (Milano) 
1998, 10(2):120-126. 



doi:1 0.1 1 86/1 471 -231 8-1 2-45 

Cite this article as: Matthews et al.: Examining the influence of gender, 
education, social class and birth cohort on MMSE tracking over time: a 
population-based prospective cohort study. BMC Geriatrics 2012 12:45. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



